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REPORT NO. NADC-AWG-SU

DEPARTMENT OF THE NAVY

NAVAL. AIR DEVELOPMENT CENTER
WARMINSTER, PA. 18974

ACOUSTICAL WORKING GROUP STUDIES

ACQUISITION, REDUCTION, AND ANALYSIS
OF ACOUSTICAL DATA

UNCLASSIFIED SUMMARY

ABSTRACT

With the ending of American military involvement in the
Indochina conflict it becams appropriate to summarize
the unclassified aspects of those investigations which
might have a reference value to future seientific work-
ers both in the civilian and military endeavors. The
investigations of the Acoustical Working Group (AWG),

a committee of knowledgeable persons from various civil-
ian and Department of Defense agencies responsible for
performing acoustical studies relevant to the Indochins
conflict, clearly Tall in this category. They embrace,
in general, the study of sound propagation, a subjecti
important to noise abatement, hearing protection, and
other ecological and environmental concerns. Some of
these studies (more than 50 formzl reports were prepared
in a period of five years) also are significant in a
general academic sense and as such have been selected to
appear in this volume. The topics covered are data ac-
quisition, reduction, analysis, acousticeal propagation,
and the characteristics of sound sources.

Benjamin B, Bauer, Technical Editor
Jack R. Harris, Chairman

May 1974
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FOREWORD

In early 1967 a committee of knowledgeable persons from industry
and the Depariment of Defense was formed under the title of "Acous-
tical Working Group"” (AWG), iis chairman reporting to the Haval Air :
(later Electronics) Systems Command. The functions of the Group were
to conduct studies and to adviss on matters relating to acoustics, vith
special emrhasis in the areas of sound propagation, reception, and
signal processing and associated engineering disciplines. Formed to
meet the needs of certain classified projects in the Department of
Defense, the Group operated in a menner similar to the divisions of
the llational Defense Research Committee (NDRC) of World War II. The
Group's original membership comprised:

Mr. Benjamin B. Bauer - CBS Labovatories

Mr. Edward T. Hooper - Naval Air Systems Command

IMr. fowland H. McLaughlin - Univexrsity of Michigan

Dr. John C. Munson - HNaval Air Systems Commsnd

Mr. Josegh Petes -~ liaval Ordnance Laboratory

Hr. Forrest C. Titcomb - Naval Research Laboratory

CDR Jeck R. Harris - Haval Air Development Center, Chairman

Later, as program emphasis changed, the Group was expanded to include:

Mr. Edward J. Foster - CBS Laboratories

Dr. Paul E. Grant - Department of Defense

Mr. Donald Grogan - Picetinny Arsenszl (Army)

Mr. Robert F. Hand - University of Michigan

Mr. C. William Hargens - Franklin Institute (Consultant)
Mr. James R. Howard - Naval Air Development Center

Mr. Sidney Krieg ~ Naval Air Development, Center

LT Robert H. Marks - Department of Defense

Mr. Richard G. Satz - Picatinny Arsenal (Army)

Dr. Tsute Yang - Villanova University (Consultant)

Though the group as originally constituted was dissolved when its
mission was completcd, some of its studies were of sufficient general
interest to warrant republication in a summary fashion, This report
encapsulates, as appropriate, all of the unclassified aspects of AWG
studies including procedures and results, with Chapters 1 and 2 pre-
viously separately reported. Classified summary results are expected
to be reported at a later date. The technical editor appointed for
these efforts was Mr. Benjamin B. Bauer of CBS Laboratories. He was
responsible for editing the matrrial contributed by appropriste AWG
members.,

JACK R. HARRIS
Scientific Officer
Naval Air Developmernt Center
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Acoustical Working Group Studies

ACQUISITION, REDUCTION, AND ANALYSIS
OF ACOUSTICAL DATA

PREFACE

This volume is a collection of techniques related to the
science of data acquisition, reduction and snalysis developed
and used by the Acoustical Working Group in the course of its
studies, together with a summary of the essential theoreticel
principles needed to understand their proper use. A catalog
of the data gathere¢ by AWG in the course of its studies is
provided. And, since verval descriptions cannot replace the
aural experience, a T-inch, 33-1/3 rpm disk record containing
some of the =xotic, as well as common, sounds studied by AWG is
included ir e pocket inside the back cover of the book. Access
to the cateloged data can be obtained by persons witn justified
requiremencs upon application tc the Commander, U. S. Naval Air
Development Center, Warminster, Pennsylvania,

The publication of this volume at this time is believed
to be of special importance in view of the burgeoning interest
in the practice of noise control and environmental acoustics,
which is so heavily dependent on accurate measurements and mean-
ingful data reduction. Admittedly, much of the specific infor-
mation discussed here will have no direct application to home
environments, nevertheless, the experience documented in this
volume will prove to be extremely useful to the civilian practi-
tioner, For one, under a single cover the text offers a complete
descripcion of the methodology of obtaining accurate and reliable
acoustical data and menipulating it into useful formats. To an
executive responsible for decision-making in connection with
acoustical studies, such a compendium is of irmense benefit, for

Preceding page blank 1x
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it helps him to assess realistically the magnitude of a given
task and to chart accurately its successful execution. To the
personnel planning the details of the project, or going into the
field without extensive prior sound-measurement experience, this
volume provides detailed guidance on how to select and use equip-
ment, and how to maintain proper records end implement calibrac.ion
procedures—-which may well spell the difference between success
and feilure. And, to the data anelyst, the text offers a variety
of aiternative methods for reduction and presentation of date,
and suggestions for interacting with the data gathering teams

for maximum information yield per unit effort.

Reviewing briefly the contents of this volume, Chapter One,
which previously hed been published as Report No. NADC-AWG~S1l on
31 March 1969, is a collection of techniques and precsutious
measures that have been found useful in gathering acoustical data,
especially under inclement field conditions. It encourages the
practitioner to prepare carefulily for the mission, to make speci-
fic plans, tv devise szud acquire suitable instrumentation, and in
other ways to perform preparatory tasks which ensure thaet the de-
sired rcsults are effectively obtained.

Chapter Two, previously issued as Report llo. NADC-AWG-S2 on
1 October 1971, begins with the classification of the various
aspects ¢f data reduction and analyzes their interface with the
data gathering function. This is followed by a review of the
theoretical aspects of various methods of frequency- and time-
domain analyses, a description of the instruments and recommended
practices for their use, and suggestions about presentation of
results. It shouwld be noted at this writing that modern computer
technology has now provided us with new and sophisticated tools--
such as the Fast Fourier Transform and the Integrating Frequency
Analyzer--vwhich were just coming into their own during AWG
studies; nevertheless, the basic considerations in Chapter Two
are as applicable today as they were during the early stages of
AVG work.

Chapter Three is a compendium of the various aspects of
sound-wave propagation that should be clearly kept in mind by
all pexrsons engeged in acousticel data acquisition, reduction,
and analysis. This chapter summarizes the basic ray and the
normal-mode theories and reviews the effects of temperature,
wind, channeling, scattering, etc. that will be especially use-
ful to those engaging in the studies of distant propagation of
sound in urban and suburban settings. Examples of propagation
behavior in the air are given.




Chapter Four develops a logical procedure for cataloging
the results of acoustical studies and provides a useful com-
pilation of examples of various types of sound studied by AWG,
It also contains a selective catalog of the detailed reports
prepared by AWG. And, finally, the disk record furnished with
the volume provides the naturalist and the urbanologist alike
with a sampler cf interesting acoustical. signatures.

Having heen privileged to participate in the work of AWG
since its inception, the Technical Editor cannot help but observe
how useful this volume might have been had it been available to
the Committee at the outset, rather than toward the end of its
mission. This would have saved countless annoyances and made
our task mucn easier. But this is akin to wishing that in youth
we had the experience gathered during a lifetime. In providing
this summary of AWG studies, we trust that future workers in
noise control and environmental acoustics will profit by avaeiling
themselves of the tec..riques here outlined, and thus be able to
perform more effective service on behalf of a2 quieter world.

A few words of credit are in order. What has distinguished
AWG from other Committees and Boards in which this Technical
Editor has participated is the resolute and tireless dedication
of its members, all of whom have made significant contributions
to the work of the Committee and to the preparation of its reports;
with specisl mention due its indefatigable Chairman who always pro-
vided effective and inspiring leadership and invariably managed to
see each task through even when all else seemed to fail. In addi-
tion, he was a principal contributor tc numerous AWG reports and to
vhis final volume. An expression of gratitude also is accorded to
Sherman Levin of CBS Lsboratories who managed the editorial and pro-
duction work for many AWG reports and for this finsl volume.

Benjamin B. Bauer
Stamford, Connecticut
May 197h
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